Nerve biopsy examination is an important auxiliary procedure for diagnosing pure neural leprosy (PNL).
online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(2): 246-253, March 2012 Leprosy-related peripheral neuropathy is responsible for the disabilities and deformities closely associated with the disease. Despite stringent control measures established by the WHO and a consequent decrease in the disease's worldwide prevalence, the rate of newly detected leprosy cases remains epidemiologically high in a number of countries (WHO 2010) .
In addition to the involvement of the skin and peripheral nervous system, leprosy patients may present with peripheral neuropathy (simple or multiple mononeuropathies and/or polyneuropathy) in the absence of any verifiable cutaneous lesions (Pannikar et al. 1983 , Girdhar 1996 , a state commonly referred to as pure neural leprosy (PNL). The confirmation of a PNL diagnosis requires the demonstrated presence of Mycobacterium leprae in a biopsy of any affected sensory nerve.
Disease morbidity is a consequence of inflammatory infiltrate which is composed of mononuclear cells (macrophages and lymphocytes), epithelioid cells or M. leprae-loaded foamy macrophages (Shetty & Antia 1997) in the nerves, a response to the presence of M. leprae. Classical descriptions of histopathological alterations in leprosy-affected nerves have been detailed in pioneering reports that explored the structural nerve damage inherent in this disease , Job 1989 , Srinivasan 1990 , Shetty & Antia 1997 . Chimelli et al. (1997) described the value of nerve biopsies in diagnosing PNL. They described the most frequent morphological alterations found in nerve samples and underscored the significance of nerve biopsies in differentially diagnosing other neuropathies and as a posttreatment monitoring tool. A similar report published by Garbino et al. (2004) described the important role of nerve biopsies and the immunohistochemical labelling of M. leprae antigens in nerve sections in confirming diagnoses. Furthermore, Jardim et al. (2003) established general criteria for determining PNL by interpreting clinical, electroneuromyographical, laboratory and histopathological data from a nerve sample biopsy.
It is worth noting that the value of nerve biopsy examination increases when the results are interpreted in the context of pertinent clinical, epidemiological, electroneuromyographical and laboratory data [i.e., M. leprae DNA determined with polymerase chain reaction (PCR) (Jardim et al. 2003) and the presence of serum antiphenolic glycolipid antibodies (Jardim et al. 2005)] . From this point of view, the final diagnostic decision is the direct responsibility of the clinical assistant, who must consider all the available data. However, nerves do not always contain AFB; they may only show the morphological alterations that developed during the disease's progression, posing an additional challenge for the assistant who must evaluate the remaining data and arrive at the correct diagnosis.
Financial support: IOC-FIOCRUZIt is clear that an unequivocal leprosy diagnosis cannot be made with acid-fast bacilli (AFB)-negative sample. Under such circumstances, nerve biopsies have only a relative diagnostic value and the maximum amount of information must be sought from the histological examination of nerves to arrive at a probable diagnosis.
The present paper consists of reflections based on 13 years of experience (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) with the histopathological analysis of biopsied nerve samples from patients with peripheral neuropathy and suspected PNL. The patients were seen at the Souza Araújo (ASA) Outpatient Service, Leprosy Laboratory, a reference centre accredited by the Brazilian Ministry of Health, in Rio de Janeiro. For AFBnegative samples, the diagnoses were strengthened by clinical, electroneurophysiological and laboratory investigations combined with nerve sample histopathology.
The frequency of histopathological changes in the PNL group was compared with those found in samples from a non-leprosy peripheral neuropathy (NLN) group. In addition, the frequency of histopathological alterations in the AFB-negative PNL samples was compared with the frequency in the AFB-positive PNL and NLN samples. The present study attempted to ascertain the value of each histological alteration in the AFB-negative samples from the PNL group and how such alterations might influence the determination of a PNL diagnosis.
PATiENTS, MATERiALS ANd METHodS
Between 1997-2010, histological biopsy specimens from all 144 PNL and 196 NLN patients attending at ASA were examined and their clinical, epidemiological, nerve conduction studies and laboratory data were subsequently collected. The criteria adopted to diagnose PNL in the present study were proposed by Jardim et al. (2003) and are as follows: the presence of mononeuropathy multiplex or simplex, which may evolve to confluent polyneuropathy with an initially predominant sensory impairment accompanied by more or lessfrequent motor involvement. Autonomic dysfunction, represented by erythrocyanosis, nerve enlargement and nerve pain elicited by palpation are additional signs of leprosy neuropathy. The nerve conduction study may detect a demyelinating pattern represented by increased latency, decreased conduction velocity, conduction block and temporal dispersion. Decreased nerve action potential amplitude can also be a sign of axonal damage. Mixed patterns (axonal plus demyelinating) can also be seen in this exam. Nerve biopsy is important for confirming a leprosy diagnosis, particularly when the biopsy detects an inflammatory infiltrate with the presence of AFB or an epithelioid granuloma. Non-specific nerve alterations, such as fibrosis, endoneurial oedema and perineurial enlargement, make the diagnosis probable. Histopathological findings in line with leprosy in biopsied nerve samples, the detection of M. leprae DNA in the nerve with PCR and/or the presence of elevated levels of serum antiphenolic glycolipid antibodies with enzyme linked immunosorbent assay (Jardim et al. 2005) would make a leprosy diagnosis certain, probable or possible. Positive results for any of these laboratory tests are useful for diagnosis only in the context of highly suggestive clinical and electroneurophysiological peripheral neuropathy in an endemic area. A diagnosis should never be based on one item alone, particularly in AFB-negative nerve samples (Table I) .
The NLN tag was assigned to samples whose total test results were inconsistent with PNL. Aetiological diagnoses for 69 of the 196 NLN patients were determined in ASA after other clinical and laboratory data were analysed. The causes of their neuropathy were as follows: 28 cases were highly suggestive of nerve entrapment, four had diabetes, two had alcohol toxicity, seven had vasculitis, one had post-trauma neuropathy, one had lupus erythematosus, seven had amyloidosis, seven had chronic inflammatory demyelinating neuropathy, one had paraneoplastic syndrome, three had genetic neuropathies (1 Charcot Marie Tooth and 1 peripheral myelin protein duplication), two had multifocal acquired demyelinating motor neuropathy, one had syringomyelia, one had neuropathy of Chagas disease and one had chronic axonal idiopathic polyneuropathy. Although 28 patients had a clinical picture highly suggestive of nerve entrapment, this diagnosis could not be confirmed with imaging techniques. Once it was determined that the aetiology of the peripheral neuropathy that brought the patient to the medical service could not be confirmed, the remaining 127 NLN patients were referred to special clinics for peripheral neuropathy.
The nerves selected for biopsy were the dorsal cutaneous branches of the ulnar (173), sural (107), superficial fibular (22), radial (1) and median nerves (3). Forty of the biopsied nerve samples could not be identified.
The nerve samples were divided into two parts. One was fixed in 4% paraformaldehyde, dehydrated, clarified with xylene and embedded in paraffin for routine histopathological examination. The paraffin blocks were sectioned into 5-µm-thick sections with a microtome (Shandon, USA). The sections were laid on glass slides and deparaffinised. They were then rehydrated and stained with haematoxylin-eosin to evaluate inflammatory infiltrate and cellularity with Gomori's trichrome to assess fibrosis and nerve structure and with Wade staining to detect AFB. The other part of the nerve sample was fixed in 2.5% glutaraldehyde, washed in sodium cacodylate buffer, post-fixed in 2% osmium tetroxide, washed again in the same buffer, dehydrated in serial-graded acetone batches, impregnated and embedded in epon resin. The blocks were cut into 0.5-μm-thick sections (Ultramicrotome Reich, Germany) and stained with toluidine blue.
Only 83 of the 144 PNL samples and 187 of the 196 NLN samples had histopathological results for semi-thin sections available; therefore, this method was not employed for all the samples.
All sections were examined with a Nikon Eclipse E400 optical microscope (Nikon, Japan). Semi-thin sections allow for a more accurate quantification of nerve fibres and are appropriate for detecting morphological nerve fibre alterations, such as remyelination and axonal degeneration that are not clearly visible in paraffin sections.
Each histopathological alteration in the sample sections was labelled or not, according to the results of optical microscopy performed by two pathologists with leprosy experience. The frequency of each histopathological alteration in the PNL and NLN groups was compared with the chi-squared test according to Pearson or Fisher (2-tailed analyses) whenever correction was necessary.
The analyses emphasised determining the frequency of these alterations in AFB-negative PNL samples and comparing the AFB-negative PNL and NLN groups to determine a probable PNL diagnosis in the absence of AFB. One unequivocal indication of leprosy disease is the presence of AFB. In its absence, however, it is necessary to consider the possibility that nonspecific alterations may be signs of the disease because they are also detected in neuropathies other than leprosy. This work attempts to show that the presence of certain nonspecific histological alterations, such as fibrosis, subperineurial oedema and perineurial enlargement, are more frequent in leprosy than in NLN.
RESuLTS
Overview of the histopathological alterations found in biopsy specimens -The presence of AFB in either Schwann cells or macrophages in the nerve, whether associated with inflammatory infiltrate or not, was the one finding that unequivocally guaranteed a specific PNL diagnosis. This evidence was detected in 35 PNL samples. We were aware that caution should be taken with myelin debris stained for AFB detection, which sometimes takes the shape of fuchsin-stained rods, misleading the observer searching for acid-fast structures. Other nonspecific alterations usually accompanied this main finding. Only eight AFB-positive samples lacked inflammatory infiltrate in the sections and the bacilli in the Schwann cell cytoplasm were in very small quantities. Among the 124 samples with M. leprae DNA confirmed by PCR, 28 of the 92 AFB-negative samples had a positive PCR test. The diagnosis of the remainder of the AFB-negative PNL samples relied on the presence of serum phenolic glycolipid antibodies (anti-PGL1) and the analysis of each patient's complete dataset.
Other histopathological alterations listed in this section are nonspecific and are found in other neuropathies. Most of these alterations appeared more frequently in PNL than NLN (Table II) .
Generally speaking, the abnormal histological findings found in these groups of biopsy specimens were epineurial, perineurial and endoneurial inflammatory infiltrates, which are commonly composed of mononuclear infiltrate, epithelioid granuloma or foamy macrophages. Subperineurial oedema, a very early inflammatory sign, was also seen (Figs 1F, 2E). Fibrosis was found in the epineurium, perineurium and endoneurium (Figs 1B, D, 2B). Twenty-three samples in PNL group (21.1%) displayed concomitant fibrosis of these three nerve compartments. Microfasciculation, a pattern first reported in leprosy by Vallat et al. (1991) and Antunes et al. (2011) , was only observed in the PNL group. In addition, perineurial thickening (Figs 1E, 2B) was much more frequently observed within the PNL group, whereas Schwann cell proliferation was more commonly detected in the NLN group (see comparisons below).
Regarding the semi-thin sections, a reduced number of myelinated fibres, axonal remyelination (fibres with a lower relative myelin thickness) and axonal degeneration and regeneration were detected upon optical microscopy examination. This lower number of myelinated fibres and the other previously mentioned nerve fibre alterations were found, though much less efficiently, in sections stained with Gomori's trichrome. Schwann cell proliferation was primarily detected as clusters of overlapping cell nuclei along the length of myelinated nerve fibres in haematoxylin-eosin-stained longitudinal sections or as an onion-bulb formation in transverse semi-thin sections.
Because leprosy is an infectious and inflammatory neuropathy, the PNL specimens displayed inflammatory infiltrate at a significantly higher rate than the NLN specimens. As expected, the cellular composition of (Fig. 1A, B) . Moreover, the concomitant presence of epithelioid granulomas and AFB-loaded vacuolated macrophages in the same nerve was found in five PNL specimens (3.4%).
The reactive morphological alterations of inflammation, such as fibrosis, subperineurial oedema and perineurial thickening, were found in both groups; however, they were more frequent in PNL specimens. Fibrosis was identified as an enlarged, densely green area encompassing fibroblastic and inflammatory cells in transverse or longitudinal sections stained with Gomori's trichrome. The accumulation of green matrix among increased numbers of perineurial layers was considered to be a sign of perineurial fibrosis (Fig. 1E) . Perineurial thickening was evidenced by a growing number of perineurial layers. Subperineurial oedema, a pre-inflammatory alteration, was shown by an enlargement of the subperineurial space containing microfibrillar material and sparse, non-clustered mononuclear cells (macrophages and/or lymphocytes).
Microfasciculation was discerned in 15 PLN samples (Fig. 2C, D) . Microfascicles are nest-like structures surrounded by perineurial cells composed of a variable quantity of either small myelinated or non-myelinated fibres and by denervated Schwann cells and collagen fibres (Antunes et al. 2011 ). Regarding myelinated fibres, both Gomori's trichrome-stained and toluidine blue-stained semi-thin sections revealed a higher frequency of slightly to severely reduced numbers of myelinated fibres. Among the 83 biopsy specimens examined with semi-thin histology, 78 exhibited fibre loss, in contrast with 58 of the Gomori-stained paraffin sections. Unmyelinated fibres were not considered in this study because they can only be seen with ultrathin sectioning and transmission electron microscopy.
Remyelination, axonal degeneration and regeneration were detected by the presence of fibres with a relatively thin myelin sheath, which occurred less often in the PNL group and will be discussed in the following sections. Seven samples from the PNL group displayed no histopathological changes in either the paraffin or semi-thin histopathological examinations.
Comparing histopathological alteration frequencies -To assess the diagnostic value of each histopathological alteration found in the AFB-negative biopsy specimens, we compared their frequencies in the selected groups and subgroups (Tables II, III) .
Multiple logistic regressions were used to identify variables that were independently associated with each group (Table IV) . In the comparison between AFBnegative and AFB-positive PNL samples, perineurial enlargement remained statistically significant. This variable was able to correctly classify 69.7% of the AFB-positive PNL samples and 15.7% of the AFB-negative PNL samples.
In comparing the PNL and NLN samples, endoneurial infiltrate, perineurial fibrosis and perineurial enlargement also remained statistically significant. Collectively, these three variables correctly assigned 94.3% of the PNL samples and 6.2% of the NLN samples.
Mononuclear infiltrate and perineurial fibrosis also remained statistically significant in the comparison of AFB-negative PNL and NLN samples. Together, mononuclear infiltrate and perineurial fibrosis correctly detected 100% of the AFB-negative PNL samples and 0% of the NLN samples.
The data regarding the conclusions obtained from the histological examination of PNL nerve samples were divided into the following categories: (i) con- 
diSCuSSioN
The present study is a report of our hands-on experience with histopathologically diagnosing PNL. Diagnosis was based on nerve sample examination in the context of clinical, electroneuromyographical and laboratory data collected by an experienced medical team actively engaged in the diagnosis and health assistance of leprosy patients.
Important research in the literature demonstrates the relevance of nerve biopsy examinations to diagnosing leprosy neuropathy. This study also testifies to the first-hand experience of a leprosy reference centre under the auspices of the Brazilian Ministry of Health and how information extracted from the histopathological examination of PNL and NLN nerve samples can be effectively used to reach an accurate leprosy diagnosis. The value of each alteration, particularly those also present in nonleprosy neuropathies, was assessed by statistically comparing the alteration's frequency in the PNL and NLN groups.
Again, the classical studies on this subject published by Job (1989) , Antia et al. (1970) and Dastur et al. (1970) have strong a descriptive value; they emphasise items that should be prioritised during the histopathological examination of nerve samples from suspected leprosy cases. Chimelli et al. (1997) and Garbino et al. (2004) , in studies more closely related to the practical diagnostic importance of leprosy neuropathy, describe alterations that can be found in nerve biopsies in general.
The present study goes beyond the most characteristic histopathological alterations commonly associated with leprosy nerves while emphasising the morphological changes in AFB-negative leprosy nerve specimens. In addition, this study compared the frequency of each alteration in PNL and NLN nerve samples to determine the value of each one when making a PNL diagnosis.
As previously described, the conclusions related to histopathological alterations were categorised into five groups. In our view, the first category justifies diagnosing leprosy disease based on the biopsy alone, in which case the presence of AFB may or not be accompanied by a variety of inflammatory and structural alterations in the nerve.
Problems arise when AFB is not detected in the sample. In this circumstance, the presence of epithelioid granuloma in the nerve signals a high probability of leprosy, particularly when the granuloma is in the endoneurial compartment. Another rare aetiology in this case could be neural sarcoidosis. Said et al. (2002) reported 11 cases and granulomas were restricted to the epineurium in all of them. However, no diagnosis of sarcoidosis was confirmed in the present study.
The concomitant presence of epithelioid granulomas and AFB-loaded foamy macrophages also indicates the presence of opposite extremes of the immunoinflammatory response (Thelper1 and Thelper2, which, respectively, correspond to the paucibacillary and multibacillary nerves) (Modlin 1994) in the same PNL biopsy specimen. This concomitant presence could identify an episode of reactional neuritis (intraneural reactions without cutaneous lesions) or perhaps a borderline type of infiltrate instead. Even so, the definition of a reactional diagnosis depends first and foremost on the existence of neuritic pain.
Regarding the third category, which includes samples that show an exclusively mononuclear cell infiltrate in the absence of granulomas or foamy macrophages, it is worth remarking that other inflammatory disorders of the peripheral nerves, such as vasculitic neuropathy and chronic inflammatory demyelinating polyneuropathy, could also present this pattern and should be kept in mind as differential diagnoses.
Increased perineurial layers, assumed to be a nonspecific finding, are significantly more frequent in the PNL group. CD34-immunolabelling revealed that perineurial thickening might be due to the differentiation and apposition of epineurial fibroblasts to the external layers of the perineurium (unpublished observations). The role of the perineurium in leprosy-related nerve damage remains to be clarified; nonetheless, these special cells are likely involved, as they are a part of the blood-nerve barrier and adjacent to the traversing perineurial vessels from which the leprosy inflammatory infiltrate most often emerges.
In almost all comparisons performed in the present study, fibrosis was the most consistent non-inflammatory alteration in the PNL group as a whole (i.e., both the AFBpositive and negative specimens). It is known that leprosy leads to characteristically dense fibrosis during the end stages of nerve damage (Junqueira et al. 1980 , Singh et al. 1998 . Therefore, it would seem plausible to assert that fibrosis in the nerve should, at the very least, raise the suspicion of leprosy. Moreover, because subperineurial oedema can be viewed as a sign of fluid exchange imbalance within the nerve, as well as a possible reflex of an early inflammatory process, this finding should likewise alert clinicians to the possibility of a leprosy diagnosis.
In addition, multivariate analysis showed that special attention should be paid to perineurial fibrosis, perineurial enlargement, mononuclear infiltrate and endoneurial infiltrate, as they were independently more frequent in the PNL group and, when detected together, could identify PNL in 100% of AFB-negative samples.
A reduction in the number of myelinated fibres assessed with Gomori's trichrome and toluidine bluestained semi-thin sections was probably due to the greater destructive power of the inflammatory infiltrate present in the PNL samples. One finding corroborating this hypothesis is that this significant difference disappeared when inflammation-free samples from both groups were compared.
The chromotrope 2R used in Gomori's trichrome stains myelin red and allows for a gross quantitative assessment of these fibres and the easy detection of myelin ovoids. The routine processes of formaldehyde fixation, alcohol dehydration, xylene clarification and paraffin embedding lead to profound alterations in myelin structure and hamper the analysis of fine damage to the myelinated nerve fibres. The examination of semi-thin sections could be considered a more sensitive method for detecting quantitative and qualitative alterations in myelinated fibres.
Semi-thin section histology did not directly increase the sensitivity of the PNL diagnosis. However, it did improve the visualisation of some non-inflammatory findings, such as perineurial oedema and perineurial thickening. It also led to the diagnosis of other peripheral neuropathies by revealing fine alterations in the nerve fibres that were not observable in paraffin-embedded sections.
The lower rate of remyelination and active axonal degeneration in the PNL group prompts a controversial discussion about the mechanisms involved in nerve fibre damage in leprosy neuropathy, a subject beyond the scope of this study.
The selection of a nerve trunk for biopsy is based on evidence of clinical alteration in the nerve territory and motor conduction or sensitivity disturbances in the trunk. The consistently uneven damage patterns of leprosy-affected nerves may explain why seven PNL samples had a normal morphological appearance despite abnormal tests. It is conceivable that a normal segment might have been collected during the biopsy procedure, making a focal or more proximal lesion undetectable. In these cases, the PNL diagnosis was based on the detection of M. leprae DNA in the nerves and/or anti-PGL1 antibodies in patient's sera.
In summary, the present study attempted to maximise the amount of information obtained from the histopathological examination of nerve samples from suspected PNL patients. We found higher frequencies of some noninflammatory histopathological alterations in the PNL samples, which could be considered strong indicators of a leprosy diagnosis regardless of AFB negativity.
